) for 4 in CH 3 CN. Time dependent-DFT (TD-DFT) calculations support these assignments. The ability of both the bridging np and chelating dap diimine ligands to produce strong absorption of these Rh 2 II,II complexes throughout the visible region is potentially useful for the development of new photocatalysts for H 2 production and photochemotherapeutics.
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Introduction
The usefulness of the excited states involving paddlewheel Rh 2 II,II complexes bridged by carboxylate, amidinate, and/or carboxamidate ligands has been demonstrated in a variety of applications, including their use as photochemotherapeutic agents [1] [2] [3] [4] [5] [6] and for charge transfer reactions in solar energy conversion [7] [8] [9] . For the latter, it is important that the molecules absorb a broad range of energies to maximize the capture of sunlight, from the ultraviolet to the near-IR. The Chisholm group has reported a series of quadruply-bonded Mo 2 , MoW, and W 2 complexes which, when taken together, achieve such broad absorption [10, 11] . These complexes possess excited states capable of undergoing charge transfer reactions that can be applicable to solar energy conversion [10, 11] . The present work focuses on the investigation of the necessary molecular characteristics of bimetallic Rh 2 II,II complexes to afford strong absorption throughout the visible range within a single molecule. [7, 21] .
Experimental

Materials
All materials were used as received unless otherwise stated. RhCl 3 Á3H 2 O was purchased from Pressure Chemical Company, 1,10-phenanthroline (99%), 1,5-cyclooctadiene (P99%), sodium tert-butoxide (97%), silver tetrafluoroborate (98%), p-toluidine (99%), and acetonitrile-d 3 (99.8% D) from Aldrich Chemical Company, and triethyl orthoformate (98%) was from Sigma. 1,8-Naphthyridine (>98%) was purchased from TCI America and electrochemical grade tetrabutylammonium hexafluorophosphate (P99.0%) was obtained from Fluka Analytical and was recrystallized from ethanol and stored in an 80°C oven. N,N-dimethylformamide (DMF), and acetonitrile (CH 3 CN) were purchased from Fisher Scientific. DMF was dried over 4 Å molecular sieves prior to use. The CH 3 CN was distilled by refluxing over CaH 2 Complex 1 (0.075 g, 0.070 mmol) and np bridging ligand (0.020 g, 0.15 mmol) were dissolved in a round bottomed flask containing freshly distilled CH 3 CN (20 mL). The dark orange reaction mixture was refluxed under a N 2 atmosphere protected from room light for 3 h to afford a dark purple solution and was then cooled to room temperature. A precipitate was formed by the dropwise addition of the reaction mixture into $200 mL of rapidly stirring diethyl ether; the dark purple solid was collected by filtration and was rinsed with diethyl ether. To ensure that no silver salts from previous steps were present, the product was dissolved in a minimal volume of CH 3 CN and centrifugated to remove any solid present. The resulting dark purple solution was treated with diethyl ether and the solid was collected by vacuum filtration to afford a dark purple powder. Yield = 0.056 g, 0.048 mmol (69%).
, m/z = 456.1 (calc.: m/z = 456.1).
Complex 1 (0.030 g, 0.028 mmol) and dap ligand (0.016 g, 0.063 mmol) were dissolved in a round bottomed flask containing freshly distilled CH 3 CN (20 mL). The dark orange solution was refluxed under a N 2 atmosphere protected from room light for 24 h to afford a maroon solution, which was cooled to room temperature. A maroon solid was precipitated by drop-wise addition of the reaction mixture into $200 mL of rapidly stirring diethyl ether, and the powder was collected by filtration and rinsed with diethyl ether. To ensure that no silver salts from previous steps were present, the maroon solid was dissolved in a minimal volume of CH 3 CN and centrifugated to remove any solid present, the solution was treated with diethyl ether, and the solid was collected by vacuum filtration to afford a dark maroon powder. Yield = 0.029 g, 0.021 mmol (75% [25] . The B3LYP [26] [27] [28] functional along with the 6-31G
⁄ basis set were used for H, C, and N atoms [29] and the Stuttgart-Dresden (SDD) energy-consistent pseudo-potentials were used for Rh [30] . Computational model compounds of the cis-[Rh 2 II (l-DTolF) 2 (NN) 2 (CH 3 CN) 2 ] 2+ complexes were generated by replacing the methyl groups with hydrogen atoms on the acetonitrile and formamidinate ligands and are labeled 2a, 3a, and 4a [31] . Optimization of full geometries was carried out with the respective programs, and orbital analysis was performed in Gaussview version 3.09 [32] . Following the optimization of the molecular structures, frequency analysis was performed to confirm the existence of local minima on the potential energy surface. Electronic absorption singlet-to-singlet transitions were calculated using time-dependent DFT (TD-DFT) methods with the polarizable continuum model (PCM) that mimicked the solvation effect of CH 3 CN in Gaussian 09 [33] .
Results and discussion
Synthesis
The diimine-coordinated, formamidinate-bridged Rh 2 II,II dimers were synthesized via a stepwise approach to permit purification at each step [7, 19, 23, 34] . 1 As depicted in Fig. 1 2+ (n = 0, 1, 2, 3) series [22] . In addition, the difference between the phen and dap reduction potentials in 2 and 4 is $0.6 V, which is similar to that measured for related Ru (II) complexes [22, 38] . The first reductive process for the np-bridged complex 3 in DMF is observed at a significantly more negative potential, E [40] , as expected from the calculated energy differences of the unoccupied MOs of np and pynp complexes [40] .
Continued cathodic scanning of 3 results in a one-electron, irreversible couple at E p c = À1.57 V vs Fc + /Fc, corresponding to the second np 0/À reduction, which must be followed by a chemical reaction or major structural rearrangement.
Electronic structure calculations
DFT and TD-DFT computational studies were performed on the model complexes cis-[Rh Interestingly, the shift of the coordination mode from bidentate chelating in 4a to bridging in 3a does not significantly alter the calculated electronic structure (Fig. 3) . The electron density of the LUMO and LUMO+1 of 4a are localized on the dap p ⁄ orbitals, a finding that compares well with related complexes previously reported, including the series cis-[Rh 2
dppz, dpq) [7] . It is interesting to note that the dap-localized reduction occurs at a potential similar to other dap-containing complexes and the LUMO is calculated to be centered on that ligand. In the case of 3a, however, the LUMO is calculated at a similar energy as that of 4a, but experimentally 3 is more difficult to reduce than 4. The origin of this discrepancy remains unknown, but it is possible that there is greater orbital mixing between the unoccupied np bridging ligand orbitals and the filled metal-based MOs in 3 than the calculations predict.
The calculated low-lying singlet excited states of 2a-4a and the corresponding orbital transition parentages are shown in Fig. 5 . In 3a and 4a, the lowest energy singlet excited states are composed of HOMO ? LUMO transitions, from the Rh 2 /form-based MO to the corresponding unoccupied NN(p ⁄ ) orbitals. The results of these calculations are in agreement with those of the related ML-LCT transition in 2 relative to that of 4 ( Fig. 5) is consistent with the ease of reduction of dap ligand as compared to phen (Table 1) ; these results are in agreement with those previously reported for related Ru(II) complexes [22] .
Electronic absorption spectroscopy
The electronic absorption spectra of 3 and 4 are shown in Fig. 6 ) and 318 nm (e = 30,300 M À1 cm À1 ) [22, 42] .
In the visible region, the np-bridged complex 3 exhibits two well-resolved transitions with maxima at 436 nm (e = 1800 M À1 cm
À1
) and 566 nm (e = 3600 M À1 cm 2+ series (NN = dppn, dppz, dpq) for which the lowest energy absorption is dependent on the identity of the NN ligand [7] . The experimental bathochromic shift observed in the maxima of the lowest energy absorption band from 3 to 4, DE exp = 0.22 eV, is consistent with the results from TD-DFT calculations with the expected bathochromic shift of DE calc = 0.42 eV between 3a and 4a. Although both complexes absorb throughout the UV and visible light ranges, 4 exhibits stronger and broader absorption throughout the entire range and into the near-IR, a feature that is required to maximize the photons absorbed from sunlight for solar energy conversion applications.
Conclusions
Two results show that while the mode of diimine ligand coordination does play a role in the electronic structure of formamidinate-bridged Rh 2 II,II dimers, the observed absorption spectra are similar. The ability of 3 and 4 to absorb broadband, visible light make them well suited for photophysical applications such as solar energy conversion and photochemotherapeutics. Ongoing studies include the investigation of the excited state dynamics of these complexes using timeresolved spectroscopy, along with their photoreactivity.
